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NATIONALADVISORYCOMMITTEEFOR

RESEARCHMEMORANDUM

- BOUNDARY-LAYER

AERONAUTICS

INTERACTIONONTHEINVESTIGATIONOFSHOCK

SPIKEOFA

By GeorgeA.WiseandWillismH. Sterbentz

CONICAL-SPIKENOSEINLET

suMMARY

Measurementsweremadeoftheheightoftheshock-inducedboundary-
layerthickeningandseparationonthespikeofa full-scaleinletover
a Machnumberrangeof1.6to 2.0.

Thebehavioroftheinteractiondependedonlon@tudinalspikepo-
sitionaswelJas on conesurfaceMachnumber.Theconepositionaf-
fectedtheinteractionby changingtherateof subsonicdiffusionand
therebychangingthepressuresftoftheterminalshock.Whenthepres-
sureriseduetotheinteractionexceededabout1.9,theboundarylayer
wasseparated.

INTRODUCTION

Theperfomnanceofanefficientsupersonicinletdependsinpart
uponthecharacteristicsoftheboundarylayerthatisformedonthe
compressionsurface.Thisboundarylayercahbe thickenedor separated
asa resultofinteractingwiththeinletteminalshock,andthiscan
seriouslycompromisetheinletperformance.

Otherworkershaveinvestigatedthecharacteristicsoftheshock-
boundary-layerinteraction(refs.1 and2)andhavepresentedcriteria
fordeterminingtheonsetof separation.Theheightofthethickenedor
separatedboundarylayerisnotavailable,however;andknowledgeofthis
heightisneededin orderto controltheboundarylayeratthethroatof
thesupersonicinlet,forexample,bymeansof a boundary-layerscoopor
bleed.Therefore,aninvestigationwasconductedtomeasuretheheight
ofa boundarylayerhavingshock-inducedthickeningandseparationon
thecenterbodyofa full-scaleconical-spikenoseinlet.Theinlet,de-
signedto supplyairto anoperatingtu~bojetenine,hadinterchange-

%ablespikeswithhalf-anglesof 20°,25 , and30 . Theinvestigation
covereda free-stresmMachnumberrangeof1.6to 2.0at zeroangleof
attack.
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SYMBOLS

inletcapturearea

ductdismeteratcowllip

axialdistancefromconetip

ductheightatrakestation(normaltoflow)

Machnumberatwhichtheobliqueshockgeneratedby conical
spikeintersectscowllip

conesurfaceMachn-tier

free-stream&ch number

diffusermass-flowratio,

staticpressureon cone

inletmassflow
pov&

free-streamstaticpressure

free-stresmairvelocity

surfacedistanceof surveyrakefromconetip

surfacedistsnceofterminalshockfromconetip

coneradius

boundary-layerheight

conehalf-angle

free-streamdensity

APPARATUSm PROXIXJRE

A drawingoftheinletportionofthemodelispresentedinfigure
1, andcoordinatesofthespikessrepresentedintableI. Thespikes
werecapableofbeingtranslatedalongtheaxisof symmetry,andthere-
sultingdiffuserarea variationsforvariouspositionsofthespikeare
presentedinfigure2. Thepositionofthespikesisindicatedby a de-
signMachnumber~, whichistheMachnumberatwhichtheobliqueshock
fromthespiketipwouldjustintersectthecowllip.

—
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Instrumentationconsistedof a rowof static-pressureorificesalong
thespikeanda total-pressurerakelocatedas showninthetableonfig-
ure1. Theboundary-layerrakewaslocated45°fromtherowof statics
inordertopreventinterference.A sharpstatic-pressurerisemeasured
by thestatic-pressureorificeswastakentobe theterminal-shockpo-
sition,andboundary-layerheightswereobtainedfromtherakeas shown
insketch(a). Thepresenceofsep~ationwasdeterminedby theshape
oftherakeprofiles.

T
5 I

+
o 1.0

Surfacestaticpressureat rake
Loc&Lpitotpressureatrake

Sketch(a)

Thespikewasperforatedwithl/4-inch-diameterholesjustaftof
thetotal-pressurerake.Theseholeswereusedinanotherboundary-
layer-bleedstudythatwasrunsimultaneouslywiththistest.There
wereeightcirctier~tidrowsofholes5/8inchapartwith64 holesto

—.._ .—

J’jy$l@g#@#gqJ

-—-—-———.-..—.. . ..



4 NACARM E56126a

therow. Thenetflowthroughtheseholeswascontrolledby a single
valve,whichwaskeptclosedduringtheportionofthetestreported
herein.Itisthoughtfrompreviousexperiencethattheseperforations
hadlittle,ifany,effectonthetestresults.

DatawereobtainedintheLewis8-by 6-footsupersonictunnelover
a Machnumberrangeof1.6to 2.0at zeroangleofattack.Reynoldsnum-
berofthetestvariedbetween5.3XI.06and5.9x106perfoot.

RESULTSANDDISCUSSION

Theboundary-layerheightsmeasuredattherakestationarepre-
sentedinfigure3 asa functionofterminal-shockposition.Thethick-
nessoftheundisturbedboundarylayerattherakestationis shotiat
x~/xR= 1.0. As theterminalshockwasforcedupstreamofthisfixed
station,thechangesinboundary-layerthicknessatthisstationarein-
dicatedatvaluesof xs/xR lessthan1.0. Atxs/xR= O,theterminal
shockwouldbe locatedatthetipofthecone.

Thebasicdatafromfigure3 srecross-plottedinfigure4 to show
therateofgrowthoftheboundarylayerastheterminalshockwasmoved
upstreamfromtherakestation.Thenegativesignonthegrowth-rate
parameterisa resultofmeasuringshockpositionfromtheconetiprath-
erthanfromtherake;however,anincreaseintheabsolutevalueofthe
parameterindicatesa morerapidthickeningof theboundarylayerwith
shockmovement.Theratesofgrowthwerecalculatedat xs/~ = 1.0.
Figure4 showsthatinteractionoftheterminalshockwiththeboundary
layercausedincreasedthickeningand,ultimately,separationasthe
free-streamMachnumberincreased.It canalsobe seenthatincreased
thickeningor separationoftheboundarylayertakesplacewitha de-
creasein coneangle.Bothofthesephenomenaindicatethatthecharac-
teristicsoftheinteractionwerea functionoftheconesurfaceMach
nuniber.GeneraKLy,thehighertheconesurfaceMachnumber,thegreater
thethickeningoftheboundarylayerduetotheinteractionandthe
greatertheprobabilityof separation.

Longitudinalspikepositionalsoaffectedthebehavioroftheshock-
bmndary-layerinteraction.Withtheinletterminalshocklocatedat
thessmepositionontinespike,thetendencyoftheboundarylayerto
separatebecamegreaterasthespikewasmovedupstream.Thisisshown
infigure4(b)by theseparationatthegreatertipprojectionsdndthe
absenceofsuchseparationatthelowertipprojectionsatfree-stream
.Machnumbersof1.9and2.0. Thisphenomenonisnotnoticeableonthe
20°cone(rig.4(a)),becausetheboundarylayeris searatedatall.Mach

~numbersexcept1.6;anditisnotnoticeableonthe30 cone(fig.4(c)),
becausetheflowneverseparated.

.
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Schlierenphotographsillustratingthephenomenondescribedinthe
previousparagraphareshowninfigure5,whereinthedifferencesinthe
boundary-layerbehaviorwithspikepositioncanreadilybe seen. con-
ditionsareessentiallythessmebetweenthetwophotographsexceptfor
thespikeposition;anditcanbe seenthatthereisextensiveseparation
whenthespikeisintheupstreampositiQn(~ = 2.33)butonlya slight
thickeningofthebo’wdarylayerwhenthespikeisintheretractedpo-
sition(~ = 1.83).Theasymmetryintheflowthatisespeciallyno-
ticeableat Md = 2.33 resultedfroma slightmisalinementofthespike.
~ough asymmetrical,theflowwassteady.At Md = 2.33,a furtherre-
ductioninmassflowfromthepointshowncausedtheinletto go into
buzz;buttheflowat Md = 1.83 wasstableovertheentireavailable
mass-fluwrange.

Figure6 showstypicalbehaviorofthestatic-pressuredistribution
onthespikeas separationoccursdueto anupstresmtranslationofthe
spike.Thestatic-pressureriseacrosstheinteractionis about1.87for
theunseparatedcaseandabout2.2fortheseparated.Thislatterv~ue
islargerthanthevalueofabout1.9quotedinreferences1 and2 as
necessaryforseparation.Theincreaseinthepressurerisewhenthe
spikeistranslatedforwardisbelievedtobe causedby tiieIncreased
rateof subsonicdiffusion(fig.2}. mUS) it iS fiticated that d~-
streaminfluencescsnaffectthebehaviorofthe
layerinteraction.\

CONCLUDINGREMARKS

An investigationwasconductedtodetermine
aratedorthickenedboundarylayerintheregion
scaleconical-spikenoseinletafterinteraction
shock.

shock- boundary-

theheightofthesep-
ofthethroatof a full-
withtheinletterminal

Theinteractionbetweentheinletterminalshockandthespike
boundarylayerwasinfluencedby thepositionofthespike.Movementof
thespikeupstreamincreasedthepressurelevelaftoftheterminalshock
enoughto causeseparationofthespikeboundarylayerin caseswherethe
shockalonewasnotstrongenoughtodo so.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,,Ohio,OctQber3,1956

.

——- —-.——. _____ .— —— . —— —



—

6 &i’

1.Nussdorfer,T. J.: SomeObsenationsof
arationonSupersonicDiffusers.NACA

NACARM E56126a

Shock-InducedTurbulentSep-
RME51L26,

2. BogdonoffjS.M.,andKepler,C.E.: Separationof
bulentBoundaryLayer.Rep.No.249,Dept.Aero.

1954. (ContractNo.N6-onr-270,Task
%%-%:049 ).

1954.

a SupersonicTur-
Eng.,Prtnceton
Order6,Proj.

~

#

. .—

T&’

.——— .—— — —



TABLEI. - COORDINATESOF SPIKES

ec = 20°

T

d,in.Y,ti.

o 0
++
Straight
line

+
18.5
20
22
24
26
28
30

+
6.71
7.20
7.79
8.22
8.53
8.75
8.90

(3C= 25°

-t-

d,in.y,in.

; ;
Straight
line

t
11
12
14
16
18
20
22

i
5.12
5.59
6.38
7.07
7.66
8.12
8.48

ec= 300

T

d,in.y,in.

;:
Straight
line

+
7.5
10.0
12.0
14.0
16.0
18.0
20.0

.+
4.30
5.55
6.37
7.07
7.66
8.10
8.47

._ -.. _ ____ _.. _ _____ — —— . ..— —.
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2.3

2.0

1.8

1.6

ec = 20Q

I
h dc

3.75 12.83

4.25 11.10

4,59 9.84

4.88 8,38mh dc h %

3.34 10.73 3.28 8.91

3.s’9 9.48 3.E9 7.80

4.22 8.42 4.13 6.82

4.83 7.04 4.59 ----

ml
e= ~ D

200 13.56 17.24

25° 12.28 17.44

30° 10.= 17.44

1
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u .L .4 .0 ,a
Shock posftion, ~/q

(a) 20°130ne. ~=1.6; ~=l.24.

Figure 3. - Variation of boundery-layer height with

L.u

shock ~aitlon.
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Figure 3. - Continued.

.4 .6 .B 1.0
Shockposition,~/~

(b)20°Cone.M.= 1.8;Ms= 1.41.

Variationofboundary-layerheightwithshock

1.2

psition.
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Figwe 3. -
position.

.

.2 .4 .6 .8 1.0
Shock~sition, X#R

(c)20°~ne. ~=2.0; MS=l.57.

Continued.Variationof boundary-layerheightwith shock

.
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(d)25UCone. ~ = 1.6;~ = 1.10.

%

v 2.33
0 2.0
D 1.83
v 1.53
v 1.7
● AIJ-

I .Z .4 .b .8 1.0
Shockpmition,~/~

(e)25°Cone. J$=l.8; MS =1.26.

Figure3..-Continued.Variationof boundary-layerheightwithshock
position.
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(f)25°Cone. ~ = 1.9;MS = 1.34.

0 .2 .4 “ .6 .8 1.0
ShockpOEitiOIl,~/XR

(g)25°Cone. ~ = 2.0;~ = 1.42.

l?lgure3. - Continued.Vsriationof boundary-layerheightwithshock
position.
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Figure 3. -

(h) 30° Cone. % = 1.8; ~ = 1.10.

.2

Concluded.

.4 .6 .8 1.0 1.2
Shock @sition, ~/~

(i) 30° Cone. ~ = 2.0; ~ = 1.25.

Varlatlon of boundary-layerheight with shock pmitlon.
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Figure4. - Behaviorof boundary-layerheightwith shock@sit ion
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(a) ~ = 1.83.

(b)‘Md= 2.33.
.

Figure5. - Sclillerenphotographof 25°cone
of 1.9.
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17

Machrnniber
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